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Abstract 
We present a smart phone application visualizing the evolution and the variability in the speed of a rowing boat in real-time. The 
application supports the rower in optimizing his/her movements to maximize the speed of the rowing boat and to optimize the 
uniformity of the speed of the rowing boat. The graphical user interface is kept simple in design so that the rower is not distracted 
due to the readout of the application data during the rowing. The accumulated acceleration data can be examined on a web 
interface after rowing. 
Smart Phone Application; Acceleration Measurement; Rowing 
1. Introduction 
We present an application implemented on a Google Android smart phone enabling the real-time measurement of 
speed and acceleration of a rowing boat. The instantaneous speed of the rowing boat is measured by using the built 
in GPS client of the smart phone. The instantaneous acceleration of the rowing boat is measured by using the built in 
acceleration sensor of the smart phone. The smart phone has to be properly fixed on the rowing boat to transfer the 
forces acting on the rowing boat to the acceleration sensor of the smart phone. The movements of a rower and some 
common errors in the movements of a rower are already presented in the literature [1] [2] [3]. Our application allows 
visualizing the direct impact of the movements of the rower on the speed and acceleration of the rowing boat in real-
time. 
The paper is organized as follows. In section 2 we describe the movements of a rower and possible common 
errors in his/her movement [1] leading to negative accelerations and a loss of speed of the rowing boat. Section 3 
presents the graphical user interface visualizing the acceleration of the rowing boat in real-time and allowing the 
rower to judge the influence of his/her movements on the acceleration of the rowing boat. The user interaction 
design for the configuration and the application flow are presented in detail. In addition to the real-time 
visualization, the measurements are recorded and accumulated to be visualized in a Web interface. The result of an 
acceleration measurement in an outdoor test is presented. 
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2. Description of the rowing movement and possible movement errors 
As measured by our application as shown in section 3 the rowing boat has different speeds during a stroke, since 
the movements and the biomechanical constraints of the rower do not allow for a constant acceleration of the rowing 
boat. The details of the rowing movement and possible movement errors are presented in [1]. In this section we 
summarize these arguments which are the basis for our application mostly in the words of [1]. 
The movement of the rowing boat consists of two phases: drive and recovery [1]. The drive phase extends from 
catching the water with the blades to its release. As described in [1]: “At the start of the drive phase the blades are 
placed in the water and the boat is driven forwards using the legs and the body. The shins of the blade are vertical. 
The back of the rower is straight and leaning forward. The body is closed up on the thighs. The hands are lift a little 
upwards, and the blades will be fully locked in the water. A common error during this movement of the rower may 
occur when the seat begins to move backwards faster than the shoulders of the rower. This fault causes the powerful 
leg drive to be weakened considerably and reducing the acceleration of the boat.” 
The rower continues pushing with the legs while beginning to apply additional power by leaning backwards 
towards the bow of the boat. As described in [1]: “During this movement the legs do most of the work with the arms 
relaxed and the back still straight and leaning forward.” The hands must follow parallel to the boat, otherwise the 
blades plunge in too deep or low. [1] [2] 
As described in [1]: “Near the end of the drive phase the body swings back and the arms are used to maintain the 
momentum of the blade handles. A common error in the movement of the rower occurs when the blade handle is 
pulled down - instead of along - causing the blade to lift from the water before the end of the stroke resulting in a 
loss of speed.” 
After the rower completes the leg drive, he or she finishes opening up his or her back towards the bow while at 
the same time using his or her arms to pull the oars to his chest. The rower pushes the blade handle down so it 
comes out of the water. As described in [1]: “The legs are flat down and the back is straight, but leaning slightly 
back. The blade handles just brush the body when the spoon end is flat on the water. Common errors in the 
movement of the rower occur when the rower sits too upright and the elbows droop down so that the stroke is 
shortened or if the rower leans too far back the recovery phase begins to late.” 
Our application demonstrates that during the drive phase negative as well as positive accelerations are 
measurable. A positive acceleration leads to an increase of the speed, whereas a negative acceleration leads to a 
decrease of the speed of the rowing boat. Especially at the beginning of the drive phase the negative acceleration 
results from backward rolling. 
As described in [1]: “At the beginning of the recovery phase, the hands move down and away from the body, 
which is balanced vertically, but the seat has not yet begun to move and the knees are still held down.” Just as the 
blade is being removed from the water, the rower rotates the blade handle 90 degrees so that the blade is parallel to 
the water. The movement of the arms must be very fast, “the body then rocks with the back straight, and the knees 
lift, allowing the seat to move and helping to keep the boat balanced in the water” [1]. 
The beginning of the recovery phase is the most sophisticated part of the rowing movement. Errors in the rowing 
movement during this phase lead to negative accelerations. Using our application the rower can study on board how 
his/her movements influence the phase of negative acceleration of his/her rowing boat. 
As described in [1] a common error in the movement of the rower during the recovery phase leading to negative 
accelerations is “to lift the knees which then get in the way of the hands instead of moving parallel to the boat”. 
Instead the rower should extend the arms fully forward and pushing them away from his or her body while, at the 
same time, keeping the blade at a constant height with his or her legs straight, and torso leaning back. The rower 
should lean the body forward, continuing to keep the blade level, not bending the knees and keeping the back 
straight. The rower bends the legs, bringing the sliding seat forward on its rollers, while the blade remains level. A 
common error is when the body is upright and the arms are not held out long enough. [1] 
While continuing to slide the seat forward, the rower rotates the blades again, causing the face of the blade to be 
perpendicular to the water. When the rower reaches the end of the recovery phase the body is again in the catch 
position. Common errors at this point are that the rower does not reach forward to get a long stroke, the body 
collapses over the knees and the shins of the blade are not vertical. [1] 
There are two forms of rowing, the sweeping where each rower grips one oar with both hands and the sculling 
where the rower grips two oars, one in each hand. 
3024 M. Kastner et al. / Procedia Engineering 2 (2010) 3023–3028
M. Kastner et al. / Procedia Engineering 00 (2010) 000–000 3
As argued in [4]: “Sweep rowers and scullers have similar stroke styles, with some differences to accommodate 
the number of oars held by the rower. The most notable difference is that the oar handles overlap in sculling at the 
midpoint of the drive phase, and again during the recovery phase. This requires the rower to cross one hand over 
the other hand to avoid the oar handles colliding.” Therefore the oarlocks have to be asymmetrically fixed on the 
boat according to the size of the rower. 
The asymmetry of the accelerations induced by the left and the right oar lead to a variability of the forward 
direction of the rowing boat. Especially in the case of sweep rowing with only two rowers a coordination of the 
movements of the rowers is important. This impact on the speed and the acceleration of the rowing boat can be 
measured by our application. 
3. Graphical user interface and application flow 
Using a simple graphical user interface running on the display of the smart phone the application simply 
visualizes the speed and the qualitative increase and decrease of the acceleration together with the azimuth of the 
rowing boat as shown in figure 1. 
Fig. 1. (a) Graphical user interface (b) azimuth and direction do not coincide (c) inclination of rowing boat 
As shown in figure 1 the value of the speed of the rowing boat is explicitly shown in the display. The vertical thin 
white bar indicates the azimuth. As shown in figure 1a the horizontal white bar indicates the horizontal position of 
the boat with respect to the water surface. The size of the vertical arrow qualitatively indicates the acceleration of 
the rowing boat. As shown in figure 1b the azimuth and the direction of the rowing boat do not coincide signaling to 
the rower to correct the direction of the rowing boat. As shown in figure 1c the rowing boat is inclined with respect 
to the water surface signaling to the rower to correct the movements of his body. 
The mounting point of the smart phone has to be fixed in front of the rower so that he/she can see on the display 
how a modification of his/her movements influences the acceleration and therefore the speed of his/her rowing boat. 
The graphical user interface must have a high contrast allowing for a quick visual recognition of the bars. The color 
of the arrow and the bars can be configured to be adapted to the daylight. 
By using UMTS the instantaneous data of speed and acceleration can also be transferred in real-time to the smart 
phone of the trainer who evaluates the movements of the rower and gives the rower commands how to optimize 
his/her movements. 
Figure 2 presents the user interaction design in the initialization phase. The red boundary indicates a required 
input by the user. 
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Fig. 2. User interaction design during the initialization 
After the user launches the application it enters the initialization state and then tries to access the acceleration 
meter. In case of a failure of the acceleration meter the application sends a final exception and is aborted. The user 
logs into his or her specific account or creates a new user. Then the user defines the application parameters as the 
class and type of the boat and the participants of the multiplayer session. Moreover the foreground colors of the 
arrow and the vertical and horizontal bars as well as the background color can be configured to adapt the visibility of 
the graphics to the daylight. Afterwards the application accesses the built in GPS module and asks whether the user 
wants to enter the multiplayer mode to send the collected data to the participants of the multiplayer session, e.g. the 
trainer. The accumulated historical reference data can be used as a basis for visualization and as an online 
comparison for training. In addition, it is possible to compare your rowing performance against a virtual rival, whose 
performance data can be easily accessed directly from the database at anytime and from everywhere. Neither a 
failure during the GPS initialization nor the configuration of the multiplayer session nor the loading of historical 
reference data lead to a final exception and an abortion of the application. These previous configuration steps can 
also be done outside the boat. 
The setting of the azimuth of the boat can only be done on the water. The rower can select whether to set the 
azimuth of the boat or not. If not chosen the vertical bar in the GUI remains fixed. Then the initialization phase is 
finished and the application waits in the idle state until the rower starts or quits the application. 
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Figure 3 presents the application flow after the initialization phase. The red boundary indicates a required input 
by the user. 
Fig. 3. Application flow 
After the user has started the application, the graphical user interface as shown in figure 1 is displayed. 
Acceleration is continuously measured each millisecond by the inbuilt acceleration sensor. Using the inbuilt GPS 
module of the smart phone the current position is calculated each second and is represented by the geographic 
WGS84 longitude and latitude [5]. The application calculates the speed, the azimuth and their graphical 
representation on the display. Then the speed and acceleration data is saved to the internal database of the smart 
phone and in case of a multiplayer session they are sent to the participants of the multiplayer session. Finally the 
display is refreshed. The rower can stop the application at every step of the calculation and the application switches 
back to the idle state from which the user either can quit the application or start it again. 
Moreover, the detailed acceleration process of each individual course can be stored over a defined duration. 
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Figure 4 shows a snapshot of the accumulated acceleration data of a rowing boat in the moving direction during a 
time interval of 65 seconds in a web interface. 
Fig. 4. Accumulated acceleration data in the moving direction 
4. Conclusion 
We have presented a smart phone application visualizing the direct impact of the movements of the rower on the 
speed and acceleration of the rowing boat in real-time. In addition our application visualizes a possible inclination of 
the rowing boat with respect to the water surface, as well as the azimuth and the direction of the rowing boat. Our 
application can also be used by scull and sweep rowers to optimize the synchronization of their movements. In 
future work we will investigate the direct impact of movements of the athlete on his speed and acceleration in other 
sports. 
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